Cold Bituminous Emulsion Mixtures (CBEMs) could offer significant advantages in contrast to traditional Hot Mix Asphalt (HMA). These advantages are redaction of energy consumption, reduction of emission of pollutants, and reduction of total costs. To date, researchers have attempted, intensively, to upgrade CBEMs' engineering characteristics to gain their whole advantages. Adding active filler materials such as Ordinary Portland Cement (OPC) develop these characteristics. In this paper, selected waste or by-product materials are investigated as alternatives to OPC. Although OPC alone or with activator has proven successful in improving curing time and mechanical properties, the successful use of waste or by-product alternatives could represent a unique environmental and economic achievement. Thus, for the first time, waste or by-product materials (PFA, PSA, GGBFS, APC, and BFA) were investigated individually and not as Supplementary Cementitious Material (SCM) for improving the curing and strength of CBEM. However, some of these filler showed significant improvement in CBEMs characteristics.
Introduction
Previous studies have proven the ability of Ordinary Portland Cement (OPC) in upgrading Cold Bituminous Emulsion Mixtures (Terrell and Wang, 1971 , Schmidt et al., 1973 , Head, 1974 , Sainton and Bourdrel, 1993 , Uemura and Nakamori, 1993 , Li et al., 1998 , Brown and Needham, 2000 , Oruc et al., 2007 , Niazi and Jalili, 2009 , AlBusaltan et al., 2012b . These previous studies reported that the majority of water trapped between the emulsion film and the aggregates (which is the main cause of the inferiority in CBEMs characteristics) absorb due to hydration process. They also suggested that OPC develops a composite binder with bitumen; in contrast to base bitumen the developed binder has a lower penetration and a higher viscosity. characteristics is the main answer, but not the unique answer; because the improvement in curing time and strength depends on removing trapped water besides creating secondary binders, as mentioned above. Thus, other filler's characteristics have to investigate to answer the certain question.
Early study conducted by author investigated different waste or by-product filler to examine their validity for improving CBEM (Al-Busaltan, 2012) . The selection of the filler was based on their cementitious and other characteristics or they used previously in cement development, plus of course their availability in commercial quantities in the UK and worldwide to a figure accommodate the demand in case they prove third validity to improve CBEM.
Alternatives: Waste and By-Product Active Fillers
As mentioned previously, replacing filler in CBEMs' approach was adopted in this study to upgrade CBEM. The developed cement-modified CBEM offered a reasonable reduction in environmental and economic impact in contrast to HMA. However, OPC production always seems to be associated with significant CO2 emissions (Karami, 2008 , Taylor, 1997 . For this reason, the author decided to study the potential of using waste and by-product materials as a replacement for OPC in CBEM. Waste and by-product materials, which initiate massive impact on landfills, are available in huge quantities and their uses provide social, economic, and environment benefits.
Filler is defined as aggregate, most of which passes through a 0.063 mm sieve, which can be added to construction materials to provide certain properties (BSI, 2002) . Filler could be active or inert. Active filler is the filler that produces hydration in the presence of water, while inert filler does not. Active filler materials could be pozzolanic or cementitious. Pozzolanic is the materials that gain no strength when blended alone with water, such as SF, and low calcium PFA, while Cementitious (hydraulic) is the materials that gain strength when blended alone with water, such as GGBFS, and high calcium PFA.
Thus, the following waste or by-product filler were selected to examine their validity for improving CBEM. Their selection was dependent on their cementitious and other characteristics or they used previously in cement development, plus of course their availability in the UK and worldwide to a figure accommodate the demand in case they prove third validity to improve CBEM. 
Characterizing of the Active Filler
Detailed investigation was achieved to characterize the chemical and physical properties of the selected waste active fillers. The main aim was to identify the similarity to OPC, plus explain their behaviour in CBEM.
Experiments' Setup
The following test methods were used to characterize the selected waste active filler:
3.1.1 pH pH of the fillers was measured using a pH meter. A suspension of water with 3% filler content was prepared and tested at lab temperature, i.e. 20 °C. Buffer solution was used for calibration before the measurement.
Energy Dispersive X-ray Fluorescence (EDXRF):
The elemental composition of materials (major oxides and trace elements) were analysed by Shimadzu EDX 720, energy dispersive X-ray fluorescence spectrometer. This apparatus performs qualitative and quantitative elemental analysis and is ideal for non-destructive applications. The analysis is conducted by applying X-ray to the sample and then analysing the re-emitted characteristic fluorescent X-ray. Chemical composition by XRF analysis, with calculation of Ca/Si oxides ratio, and sum of Al, Fe and Si oxides were determined
Surface Area
The specific surface area of the fillers was determined following the model of Brunauer, Emmett and Teller (BET Method). Surface area is estimated from the quantity of nitrogen adsorbed in relationship with its pressure, at the boiling temperature of liquid nitrogen under normal atmospheric pressure. The test was conducted using NOVA 2000 model equipment.
Particle Size Characteristics
Beckmen Coulter Laser diffraction particle size analyser, was used for determining the grain size distribution of filler materials. Beckmen Coulter LS 13 320 utilizes reverse Fourier optics incorporated in a patented fibre optic spatial filter system and a binocular lens system.
Morphology
Morphological analysis was performed using Scanning Electron Microscopy (SEM 
Density
Density of the fillers was conducted according to BS EN 1097 -7 (BSI, 2008 by means of a pyknometer. Density is calculated as the volume of irregularly formed samples (determined by replacing a certain amount of liquid of known density with the test portion) over known mass sample.
Results
Results of the mentioned test methods for the selected active fillers are shown as below:
 Table ( 
Results Discussion
Filler plays significant physical and chemical roles in controlling final CBEM properties. Its physical and chemical characteristics could influence all preparations and service life stages. Thus, in this study, fundamental test methods were used to characterize selected fillers' properties. This helped in identifying the candidate waste filler needed to replace the OPC in CBEM in a more professional method. In contrast to OPC, the selected fillers were exposed to the following characteristics: 
Alkaline nature
Alkaline nature of the filler compositions could be helpful in increasing the alkalinity in the pores. Consequently, it activates the pozzolanic materials in the hydration process. Additionally, increasing the alkalinity will increase the coalescence of the bitumen emulsion, which ends in faster setting and strength gain. Lime is mainly the responsible of the alkaline, but sodium and potassium are associated with less percentage (Lampris et al., 2008) . However, none of the waste fillers exceeded the lime content of OPC, but PSA was found to be very close, CMF is the lowest, as can be seen in Table (1) . Also, APC and BFA exceed the OPC in terms of sodium and potassium content, respectively. Thus, with regard to high lime content, PSA impacts the alkalinity more than other fillers.
Cementitious Action
Introducing filler material having cementitious properties to CBEM possesses three advantages. Firstly, hydration products offer secondary binding material. Secondly, secondary binding material reinforces the bitumen binder; and thirdly, the hydration process increases coalescence of bitumen emulsion by absorbing the water. In fact, the absorption is continued after coalescence by absorbing trapped water between the bitumen and aggregate. The critical components of OPC are calcium silicates, but also other oxides are very significant to the cement phases, and consequently its properties (Domone and Illston, 2010) . These other main oxides are the aluminium and iron oxides, and the lesser ones are magnesium, sodium and potassium. However, the selected waste fillers showed variation in content of these oxides. In contrast to OPC, PSA showed close values of Ca/Si ratio and the sum of Si, Fe and Al, Table (1). It can be seen from Figure  ( 2) that the PSA has almost identical oxide content to OPC, while PFA tends to be similar to CMF. Other waste fillers showed less similarity in their oxide content. Thus, it is expected that PSA will provide a better hydration process than other waste fillers, when used as a replacement to the filler in CBEM.
Surface Area and Particle Size
Particle size and finesse of filler materials have an energetic effect on properties of CBEM in two terms: physically and chemically. The finer particle materials lead to backing the pores by these particales and the production of a denser skeleton. Also, increasing the finesse increases the reactive surface and more hydration process is expected. Furthermore, increasing the surface area will increase the water absorption, and it may affect the workability of the mix after a certain value. Table ( 1) shows that all fillers have a surface area more than OPC, which is a positive indication that fillers' surfaces will show activity in the present of water, consequently more hydration process is expected. From the same table and from Figure ( 2), the particle size properties showed that all fillers except BFA are fine and well graded, which is another positive indication in terms of mix backing properties. Compared to OPC, BFA has coarser particle size characteristics, with very high specific surface area; this is due to the high porous properties of BFA particles. In any case, waste fillers have shown superior properties to OPC in terms of particle size and specific surface area.
Morphology
Morphology of the filler is significant in influencing the properties of the fresh CBEM in terms of the workability and total water absorption. Highly porous filler with agglomerated particles' morphology will absorb more water in its pores (Segui et al., 2012) . Also, sharp angles and irregular shape particles interrupt the workability, while the spherical shapes do the inverse (Thanaya, 2003) . From Figure ( 3) it is clear that OPC and GGBFS have sharp and irregular shape particles; PFA has almost spherical shape particles while PSA, APC and BFA have agglomerated irregular particles, especially PSA. Accordingly, the last mention fillers are obviously absorbing high water and they will significantly impact workability, in contrast to PFA. On the other hand, the sharp shape factor affects the workability for the OPC and GGBFS.
Characteristics of CBEM Comprising Waste Fillers
In order to explore the effect of introducing different type of waste filler on the properties of CBEM, different levels of each filler were incorporated as a replacement to CMF. The main aim was to explore the interaction of each filler with the rest of the CBEM contents to produce high value CBEM for roads and highway construction.
Mix Design
Details mix design procedure is explained elsewhere in early-published study works (Al-Busaltan, 2012 , Al Nageim et al., 2012 , Al-Busaltan et al., 2012a . However, emulsion type, emulsion content, aggregate type, aggregate gradation, pre-wetting water content, mixing procedure, compaction method, curing procedure and number of specimens were fixed for comparison purposes among different filler types. Five replacement percentages of CMF with new waste filler were used, while the Indirect Tensile Stiffness Modulus (ITSM) test was used to identify the effect of waste filler level on the strength of the developed CBEM. The stiffness was measured after 2, 7, 14, 28, 90, 180 and 360 days to ensure the development in strength at long-term periods.
Results and discussion
The tables and figures below present the test results of CBEM comprising the said selected waste filler, which include strength in terms of stiffness modulus and volumetric characteristics in terms of density and porosity. Also, for comparison purposes, the ratio of stiffness of CBEM of specific filler type and percentage at 2 days to the stiffness of CBEM comprised OPC at the same percentage are tabulated. The stiffness of hard and soft Hot Mix Asphalt (HMA) are also presented in the figures. However, the test results and discussion due to replacing of CMF with waste fillers are as follows:
PFA
Results of replacing CMF by PFA presented in Table ( The slight improvement in stiffness with increasing PFA content is mainly due to alkaline properties and higher surface area. This also explained the improvement in the early age, where there is no noticeable strength improvement with the increase in PFA percentage, whereas the strength after early age is mainly dependent on the breaking of the emulsion. On the other hand, the increase in porosity is a result of increasing the free water due to the increases in coalescence of emulsion with increases in PFA content. Free water is forcing the compaction effort, consequently reducing the density of the mix. Nevertheless, both volumetric and strength properties results are fruitless, as after one year they reached only 70% of soft HMA stiffness values  Increasing the percentage of PSA replacement leads to -significant improvement in ITSM -steadily increases in stiffness value within early age, but the rate of increment decreases after that -Increase in the stiffness ratio to OPC.
 The stiffness values of CBEM comprising high percentages of PSA are comparative to that of soft HMA at early age. While ITSM values become comparative to hard HMA after just 2-3 weeks.
 There is insignificant variation in density and porosity with the variation in PSA replacement levels.
Replacing CMF by PSA introduces significant improvement in the stiffness modulus, which is due to: high alkaline properties of PSA, cementitious properties -which is identical to OPC, high surface area and agglomerated and porous mineral morphology. Thus, with increasing PSA percentages:
 Coalescence of bitumen emulsion increased due to rise in pH, where the pH in the mixture's pores changes from around 6 to about 12.65.
 Hydration products improved due to added in hydraulic portion supplied by PSA. These products lead to initiate secondary binding material, and simultaneously strengthen and reinforce the primary bitumen binder.  Absorption of water improved as a result of the hydration process, and also the high absorbability of PSA resulted from its morphology, high surface area and chemical phases.
PSA showed better strength than OPC mainly due to the last mentioned point, i.e. the high PSA absorption which facilitates the gain in strength, as it removes the trapped water (the main cause of inferior CBEM strength). Also, absorption of water reduces the workability and results in a slight reduction in density and slight increase in porosity. -a small improvement in ITSM -increase in stiffness value with time with a steadily increase at early ages -decrease in stiffness ratio compared with that of OPC -slight decreases in density and increases in porosity with increase in percentage of replacement.
 The stiffness values of CBEMs comprising GGBFS are poorer than that of HMA.
Improvement in CBEM comprising GGBFS is mainly from the lime content, which is contributed in produceing hydration products. Unfortunately, these products are not sufficient to initiate sufficient secondary binder as is the case with both PSA and OPC. Although the high surface area will help in absorbing water and improving strength, the pH level is not enough to permit high hydration and coalescence. The surface area and hydration process also contribute to the slight reduction in density and the small increases in porosity. GGBFS needs activator to explore its potential hydration properties, where alone it cannot offer any significant improvement in CBEM compared with HMA or CBEM comprising OPC. 
APC
Results of CBEMs comprising various percentages of replacement of CMF by APC are presented in Table ( 5) and Figure (7), which indicate almost identical behaviour to CBEMs containing GGBFS with slight reduction in stiffness values and porosity. The high alkaline of APC is the main possible cause of the gain in stiffness in the early age. The relatively high lime content is unbeneficial without the other oxides, namely Si, Al and Fe, to generate hydration products; while the agglomerated morphology helps in absorbing free water, consequently reducing the porosity.  There is a slight decrease in density and increase in the mix porosity with the increase in the percentage of replacement. The high alkaline and surface area, further to agglomerated morphology of BFA, results in an increase in the rate of coalescence of bitumen emulsion, which means an increase in the trapped water. Unfortunately, BFA offered insufficient cementitious portion, as can be seen in Table ( 1), thus the trapped water prevents the gain in strength at first week. Therefore, the water removal will depend on evaporation only. This explains the steadily improvement that happens when most of the trapped water evaporates during early weeks. The relatively high trapped water at early ages also causes slight reduction in density and increases porosity; as the trapped water dissipates the compaction effort. 
